
RESEARCH MEMORANDUM 



NACA RM E56D23a 
c 

MACH NuMaERS OF 1.9 AND 3.05 

By James F. Connors  and  Rudolph C. Meyer 

SUMMARY 

An axisymmetric  variable-geometry  cascade  inlet  has  been  proposed 
and  demonstrated.  By  means of a translating  spike,  an annular double- 
passage  cascade  arrangement w a s  formed  at a Mach amber of 1.9 and a 

trap)  was  effected  at a Mach  number of 3.05. 
rn single-passage  configuration  with an internal mea discontinuity  (vortex 
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This annular  cascade  inlet  yielded  total-pressure  recoveries of 
0.84 and 0.53 at Mach numbers of 1.9 and 3.05, respectively, Mass-flow 
ratios of approximately  unity  were  obtained at both Mach numbers  with 
only  marginal  subcritical  stability  ranges of mass-flow ratio ( I  0.03). 
Angles of attack  up  to 6’ produced  only  moderate  decreaees  in 
performance. 

For  most  applications  to EU~CZSO~~C aircraft,  inlets  must  operate 
efficiently  over a range of Mach  number, Up to  the  present  time,  most 
investigations  on  axisymmetric  inlets  at  Mach  numbers  greater  than 2.0 
have  been  concerned primfly with  fixed-geometry  design-point  studies. 
Consequently,  little  information  is  currently  available  on  axisymmetric 
design  techniques  for  variable  Mach  number  operation. 

For  Mach  numbers  less  than 2.0, simple  spike  translation  appears 
to  provide  an  adequate  solution  to  the  problem of axisymmetric  variable- 
geometry  design  technique.  For  Mach  numbers  greater  than 2.0, however, 
merely  translating  the  spike  necessitates  the  use of relatively  high- 
drag cowls  in  order  to  avoid  net  internal-area  contractioas. In refer- . ence 1, a telescoping-spike  technique  was  successzul  in  producing a 
variable  spike  contour  that  would  adjust  with  the  Mach  number.  This 
arrangement,  however,  appears  to  involve a rather  complex  mechanism. .. 
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The  present  investigation  demonstrates a somewhat  simpler axisym- 

metric  variable-geometry  technique.  This  design  employs  an  annular 
cascade-type  inlet  with a translating  spike,  which is evaluated  in  de- 
tail  at  Mach  numbers  of 1.9 and 3.05. The  inlet  was  designed  to  capture 
the  maximum  free-stream  tube of air  and to maintain  attached  shocks  on 
the  cowl  at  each  Mach  number.  Basically,  this  inlet is shorter  than 
the  more  conventional  configurations  because of a double-passage  cascade 
arrangement  at a Mach  number of 1.9 and  an  internal  area  discontinuity 
(vortex  trap)  at a Mach  number  of 3.05. : 

c C 

Performance is evaluated  in  terms of pressure-recovery  and mass- 
flow  characteristics  for  angles of attack  from 0’ to 6’. 

The following synibols are  used  in  this  report: 

M Mach  number 

m mas8 flow,  slugs/sec 

P total  pressure, lb/sq ft 

R duct  radius at diffuser  exit,  ft 

r local  tube  radius, ft . 

a angle of attack, deg 

Subscripts : 

2 local  pitot 

0 free  stream 

3 diffuser  exit 

APPARATUS AND PROCEDURF: 

The  experiments  were  conducted  in  the  Lewis 18- by 18-inch  super- 
sonic  wind  tunnels 1 and 2. xn  both  facklities  the  stagnation  tempera- 
ture of the  air  was  maintained  at 150°&5 F and  the  dew-paint  tempera- 
ture  at -20°&50 F. Tunnel 1 was  operated at a Mach number of 1.9, a 
simulated  pressure  altitude of 45,000 feet,  and R Reynolds  number of 
3.3X106 per  foot.  Tunnel 2 w a s  operated  at a.Mach number of 3.05, a 
shula ed  pressure  altitude of 82,000  feet,  and a Reynolds  number of 
1.7x10 per  foot. k 

. 
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A schematic drawing of t he   t unne l   i n s t a l l a t ion  i s  presented i n  
.) figure l (a> .  The model w a ~  s t r u t  mounted off the tunnel  wall. A t  the  

rear of the model a movable exit plug w a s  used t o  vary the  inlet back 
pressure.  Provisions w e r e  i nco rpora t ed   i n   t he   s t ru t   t o   pe rmi t  angle- 
of-at tack  var ia t ions up t o  Go. A twin-mirror schlieren system was used. 
t o  observe  the  inlet-ai r - f low  pat terns .  

Design details of the  variable-geometry  annular  cascade  inlet are 
given i n  t a b l e  I and are i l l u s t r a t e d   i n   f i g u r e  l(b) and i n  the  photo- 
graph of f i g u r e  2. The i n l e t   c o n s i s t s  of a t rans la t ing   cen ter   sp ike  
with two concentric cowls. A t  a Mach  number of 3.05 the   sp ike  I s  Located 
i n  its most forward  posit ion and contacts   the  inner  cowl t o  form a 
s ingle ,  smooth continuous  surface. The contoured  isentropic  spike i s  
designed  for this Mach  number and  focuses the resu l t ing  compression 
cha rac t e r i s t i c s  at the   ou ter  cowl l i p .  The flow is to be  compressed 
near ly   i sen t ropica l ly   to  a Mach  number of 2.05 at the diffuser entrance. 
Internal ly ,   an  area  discont inui ty   occurs   in   the  subsonic  diffuser at the 
t r a i l i n g  edge of the   inner  cowl. 

- 
A t  t he  lower Mach numbers (e.g., at Mach  number 1.9, fig. l(b)], 

the  spike is t r a n s l a t e d  rearward, thus forming two concentric  passages. 

shocks  (the  second  being  generated by the   inner  cowl)  and a normal  shock 
a t  the diff 'user  entrance. The break 'point between the  spike and the  
inner cowl was determined by the  requirement that t h e  second  oblique 
shock i n t e r c e p t   t h e   l i p  of the   ou ter  cowl. The flow i n   t h e   i n n e r  annul= 
is t o  be compressed  through t h e   c o n i d  shock off t he  spike with some 
i sen t ropic   tu rn ing  and enough in t e rna l   con t r ac t ion   t o   e f f ec t  a pressure 
balance  between  the two flows a t  the  point of confluence.  This  presswe 
equal izat ion is desirable i n  order to minimize  any  twin-duct  interaction. 

I n  f i g u r e   l ( c )  t h e  in te rna l -a rea   d i s t r ibu t ion  i s  presented as a 

I 
I *  The flow i n  the outer  annulus is t o  be compressed  through two oblique 

function of axial dis tance from the  cowl l i p .  As described  previously, 
an  abrupt area discontinuity  occurs at the  trailing edge  of the  inner  
cowl with  the Mach 3.05 configuration. Idea-, t h i s   s t e p  would serve 
as a vortex trap i n   o r d e r   t o   r e a t t a c h   t h e  flow t o  the centerbody at some 
s t a t i o n   f a r t h e r  downstream. The associated  subsonic  mixing  losses at 
the   des ign   c r i t i ca l   condi t ion  are estimated t o  be approximately 2 percent 
of t he   l oca l   t o t a l   p re s su re .  . Dow~istrem of t h e  common point ,   the  area 
variation  corresponds  approximately  to  an  equivalent  5O-conical mea 
expansion. 

Instrumentation  consisted  mainly of a 21-tube  total-pressure  rake ' 

- and four w a n  stat ic-pressure  oruices   located  approximately SL diameters 
3 

downstream of' the   d i f fuser -ex i t   s ta t ion .  An additional  13-tube  rake 
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across one diameter af the duct was instal led  about  3/4-inch downstream 
of the  end of the centerbody. T h i s  13-tube rake w a s  used  only i n   t h e  Y 

Mach 3.05 experiments to   evaluate   the  total-pressure  prof i les  a f t e r t h e  
flow had negotiated  the  upstream area dlscontinuity.  

Total-pressure  recovery w a s  based on an area integrat ion of the 
pressures measured by the  21-tube  rake. With the  assumption of unidi- 
mensional  isentropic flow, mass flow w a s  computed by means of the  measured 
static pressure, the area at the rake  s ta t ion,  and the known sonic dis- 
charge area at the  plug. 

RESULTS AND DISCUSSION 

Diffuser perfarmance  characteristics of the variable-geometry 
annular  cascade i n l e t  are presented  in  figure 3. A t  Mach number 1.9 
and  zero angle of attack, a cr i t ical   to ta l -pressure  recovery of 0.84 
w a s  obtained.  This i s  comparable t o  a theoret ical   value of 0.90 based 
so le ly  on shock lo s ses .   Cr i t i ca l  mass flaw wa8 approximately  unity  and 
the   subc r i t i ca l   s t ab i l i t y  range of mass-flow r a t i o  Am/% was equa l   t o  
0.03. A t  Mach number 3.05 and  zero  angle of attack, a total -pressure 
recovery of 0.53 w a s  obtained. This compares with a theoret ical   value * 
of 0.68 based on shock losses  and  an estimated mixing loss due t o   t h e  
in te rna l   s tep .  Critical mass flow was again  approximately  unity and 
the   subc r i t i ca l   s t ab i l i t y  range Am/% w a s  equal t o  0.03. 

The effect of angle of a t tack  on performance i s  shown i n   f i g u r e  3 
and summarized in   t he   c ros s   p lo t  of figure 4. For both Mach numbers 
investigated,  pressure-recovery, mass-flow, and s u b c r i t i c a l   s t a b i l i t y  
range  decreased only moderately  with angles of a t tack  up t o  6O. A com- 
parison  with  the  performance of the  axisymmetric telescoping-spike 
i n l e t  of reference 1 is  also  included  in   f igure 4. Recoveries were 
somewhat higher  with  the  telescoping  configuration at zero  angle of 
attack. Hawever, the  variable-geometry  annular cascade i n l e t  i s  consi- 
derably more simple  mechanically. The telescoping in l e t   a l so   exh ib i t ed  
greater sensi t ivf ty   to   angle-of-at tack effects. at Mach  number 3.05, 
which was indicated by t he  more rap id   decrease   in  recovery with angle of 
attack. Although  not shown i n   f i g u r e  4, a much greater subc r i t i ca l  
s t a b i l i t y  range w a s  rea l ized  with the telescoping-spike  inlet .  

A t  Mach number 3.05, total-pressure  prof i les   across  the d i f fuser  
e x i t  during c r i t i c a l   i n l e t   o p e r a t i o n  are presented i n   f i g u r e  5. A t  this 
Mach number w h e r e  an abrupt area discontinuity is i n  effect i n  the sub- 
sonic d i f f u s e r ,  the   exi t   prof i les   appeared  qui te   uniform w i t h  no c 
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indicat ion of separation at ei ther   zero  or   the 6O angle of a t tack.  

at approximately 2 percent of the to ta l   p ressure   for   the   des ign  cri t ical  
condition. This rake (0.74 in .  fram the end of the  diffuser  centerbody) 
w a s  no t   i n s t a l l ed   fo r  the Mach 1.9 tests. A t  this lower speed  the  pro- 
f i l e  d i s to r t ion  problem  should be less severe  than at Mach 3.05 when 
both  passages would be flowing f u l l .  

.) Theoretically,  the  mixing  losses  associated ~ t h  the   s tep  were estimated 

Lo 
Q) 
0 
dc 

Some schlieren  photographs showing representat ive  inlet-ai r - f low 
pat terns  are presented i n  figure 6. A t  Mach  number 1.90 (fig. 6 (a ) ) ,  
the  zero-angle-of-attack  supercrit ical  shock pa t te rns  conform very 
c lose ly   to   the   des ign  shock  configuration (i.e., attached  shocks  occur 
on both the inner  and  outer cowl  and  appear to  coalesce  near the cowl 
l i p ) .  A t  c r l t i c a l  and subcritical  conditions,  boundary-layer  thickening 
and separation w e r e  observed on the spike. This boundwy-layer  effect  
increases  with angle of attack. In  this  case,   boundary-layer  control,  
such as loca l   suc t ion   i n   t he   v i c fn i ty  of the throat,  might lead t o  fur- 
ther  improvements i n  performance.  This poss ib i l i t y  waa not  explored i n  - the   present   serfes  of t e s t s .  A t  Mach  number 3.05 (f ig .  6 (b) 1, the   pa t -  
t e rns  are quite conventional as would be expected  since  the  external 
compression surface is  the  usual isentropic   spike geometry. A t  zero 

shocks on the cowl. 
c angle of a t t ack   t he  compression waves coalesce at t h e   l i p  with attached 

SUMARY OF RESULTS 

A variable-gemetry  annular  cascade  inlet was designed  to f m ,  by 
means of a translating  center  spike,  a two-concentric-passage  configur- 
a t ion  at Mach number 1.9 and a single-passage  arrangement  with an in-  
ternal   area  discont inui ty   (vortex  t rap)  at Mach nmiber 3.05. This   in le t  
gave total-pressure  recoveries of 0.84 and 0.53 at the Mach numbers 1.90 
and 3.05, respectively.  Unity mass-flow r a t i o s  were obtained at each 
Mach  number with  only  marginal   subcri t ical   s tabi l i ty  ranges of  mass-flow 
r a t i o  ( -  0.03). Angles  of a t t ack  up t o  6O produced  only  moderate de- 
c reases   in  performance. 

L e w i s  Flight  Propulsion  Laboratory 
National  Advisory C o m m i t t e e  for  Aeronautics 

Cleveland, Ohia, Apri l  24, 1956 
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TABLE I. - DIMENSIONS OF VP;RIABLE-GM)"J!RY INLEX' 

r Spilre T 
X 

0 .oo 
1.75 
2 .oo 
2.20 
2.40 
2.60 
2.80 
3 .OO 
3.20 
3.25 
3.30 
3.35 
5.45 

Y 
0 . 0 0  

.466 

.540 

.602 

.673 

.761 

.852 

.943 
1 .032 
1.048 
1 .OS8 
1.060 
1.060 

Island 
L A 

0.002 1.035 
.LOO 

1.117 .ZOO 
1.080 

1.305 .900 
1.281 .800 
1.258 .700 
1.234 .600 
1.208 .500 
1.180 .400 
----- .375 
1.150 .300 

1.ooO 1.320 
1.100 1.342 
1.200 1.365 
1.300 1.379 
1.500 ----- 1.600 

----- 

----- 2.700 
----- 2.600 
----- 2.500 
----- 2.400 
----- 2.300 
----- 2.200 
----- 2.100 
----- 2.000 
----- 1.900 
----- 1.800 
----- L .700 

2.745 1.379 

I Outer cowl 1 
B 1 

1.039 0.24i ""- 
.54C "-" .44C "-" .34c  

1.219 . 6 4 C  ""- .74c 
1.272 .84C 
1.315 . 9 4 C  
1.348 1.04C 
1.370 1.140 
1.387 1.24C 
1.397 

1.414 
4.8OC 1.4U 
3.97C 1.405 
1.34c 

1.410 
1.4l l  
1.412 
1.413 

1.403 
1.405 
1.409 

1.384 
1.389 
1.392 
1.395 
1.400 

1.379 
1.380 

C 
1.62C 
1.65C 
1.680 
I. 701 
1.734 
1.750 
1.765 
1.775 
1.781 
1.785 
1.789 
1.790 
1.790 
1.800 

. 
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Figure 1. - Experimental apparatus f o r  study of variable-geometry I n l e t .  
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Figure 1. - Continued. Experimental apparatus far study of variable-geometry M e t .  
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( c )  Internalarea v-ation. 

Figure 1. - Concluded. Experimental apgaratue for etudy of variable-gemtry inlet. 
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C-39690 

(a) Mach 1.90 configuration. 

NACA RM E56D23a 

C-39691 

(b) Mach 3.05 configuration. 

Figure 2. - Variable-geometry annular cascade-type inlet. 
1IL 



NACA RM E56D23a 

. I  

(a) Free-stream  Mach  number, 1.90. 

.6 

.5 

-DM= 
' 

I V 

I' . .  
.4 
.7 .a .9 1 .o 

Mass -f low ratio, %/"o 
(b) Free-stream  Mach  number, 3.05. 

Figure 3. - Diffuser  performance  characteristics of variable-geometry 
annular  cascade  inlet. 
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I_" Telescoping  spike  (ref. 1) 

0 2 4 6 
Angle of attack, a, deg 

(a) Free-stream Mach number, 1.90. (b) Free-stream  Mach  number, 3.05. F 
F Figure 4. - Effect of angle of attack on perfomnce of variable-geometry  annular 

caacade  Inlet. z 

. .  . . 
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Figure 5. - Total-pressure  distribution- at diffuser exit (0.74- 
in. downstream of centerbody) during critical operation. Mach 
number, 3.05. 
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Supercrit ical  mass flow Minimum stable mass flow 
Angle of attack, Oo. 

Supercrit ical  mass flow Minimum stable mass flow 
Angle of attack, 3O. 

'r, . ." - i  

Supercritical.mass flow Minimum stable mas13 flow 
Angle of attack, 6O. 

(a) Free-stream Mach number, 1.90. 

Figure 6. - Inlet flow patterns.  - 

c 
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Angle of at tack 3O. 

C-41841 
Angle of attack, 6O. 

(b) Free-stream Mach number 3.05. 

15 

Figure 6. - Concluded. Inlet flow patterns.  
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